Prospective Study of Noise Exposure During Pregnancy on Birth Weight
Trong-Neng Wu, 1 Li-Jen Chen, 2 Jim-Shoung Lai, 3 Guey-Nu Ko, 2 Chen-Yang Shen, 4 and Po-Ya Chang 2 To examine the effect of noise exposure during pregnancy on infant birth weight, a well-characterized cohort of 200 pregnant women in the first trimester participating in prenatal care clinics was followed throughout gestation (in Taiwan, 1991). Individual 24-hour noise exposure of all women was prospectively measured, and information regarding possible noise exposure from traffic and occupation was also obtained. Noise exposure during pregnancy was correlated with the birth weights of the women's babies. No association between personal noise exposure measured in decibels (less than 85 dBALeq during pregnancy) and birth weight was found. Possible occupational noise exposure (indicated by working in a manual job), traffic noise exposure (indicated by distance between the home and main streets), and a history of listening to amplified music and using personal listening devices during pregnancy also showed no effect on infant birth weight. Maternal weight, maternal weight gained during pregnancy, gestationai age, and infant's sex were the four factors that correlated significantly with birth weight. The noise exposure experienced by women during pregnancy may not be great enough to affect their infants' birth weight. Am J Epidemiol 1996;143:792-6.
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Noise has attracted widespread attention as a significant environmental and occupational health concern. In addition to the more obvious effects on hearing, there has been increasing concern directed toward the nonauditory effects of chronic exposure to noise, including the potential for disturbing normal fetal development (1). The occurrence of adverse or mildly harmful reproductive outcomes among women living or working in noisy environments has been suggested and investigated for years. In addition to some negative findings (2-5), several cross-sectional and retrospective investigations have suggested an association between noise exposure during pregnancy and low birth weight (6) (7) (8) (9) (10) (11) . These studies have often been criticized because they did not control directly for socioeconomic status, which is a known risk factor for low birth weight, or for other covariates such as cigarette smoking or alcohol use by pregnant women (12) . In addition, the noise measurement in many studies was incompletely recorded, and the possible periodic variation of noise exposure was not considered. Furthermore, although widely accepted as routine diagnostic criteria, the definition of low birth weight was sometimes arbitrary.
Many studies have defined low birth weight babies as those having a birth weight of less than 2,500 g. However, the major limitation of this definition is the ignorance of possible contributions of determinants of body weight, such as the infant's race, sex, and birth order. From a statistical point of view, such grouping of data usually results in a loss of statistical power and biases study results (13) . Therefore, we employed the actual value of birth weight, which is the most reasonable index, as our outcome in this study.
The purpose of the present study was to overcome the drawbacks mentioned above and to examine the effect of noise exposure during pregnancy on fetal growth. A well-characterized cohort of pregnant women in their first trimester who were participating in prenatal care clinics in Taiwan was followed throughout gestation. Individual noise exposure of all women was prospectively measured and then correlated with the birth weight of their babies.
MATERIALS AND METHODS

Study subjects and design
From January to June 1991, 855 pregnant women from obstetric clinics at 25 maternity hospitals in Chia-Yi city (in southern Taiwan) agreed to participate in this study. These women constituted about 95 percent of all the women of less than 2.5 months gestational age who were making their first contact with the clinics during the study period. The study subjects represent a population of middle-class residents in urban areas of Taiwan. Due to a limited number of noise dosimeters, we randomly sampled 200 of the 855 (23.4 percent) to conduct personal noise exposure assessment. These 200 women were followed throughout gestation.
Information about study participants
A questionnaire administered by public health nurses was completed for all study participants 2 weeks after enrollment. Information on sociodemographic characteristics, previous history of pregnancy/ abortion, and history of smoking or using drugs or alcohol during pregnancy was obtained. Multiple efforts were made to confirm the pregnancy history by consulting available medical records.
Assessment of noise exposure
The noise exposure of all (200) women was measured on three occasions: at their 15th week (first trimester), 25th week (second trimester), and 30-40th week (third trimester) of gestation. Personal 24-hour noise exposure was measured by using a Rion NB-13A data logger (Rion, Tokyo, Japan), which was clamped onto the collar of each woman's clothes, and a SV-13K data processor (Rion). The position of the microphone was near the ear to estimate noise exposure in real life. Noise data loggers were checked and exposure was calculated according to the instructions of the manufacturer. All of the noise measurements were performed on work days (by the same industrial hygienist) whether the women were employed or not employed during pregnancy. Results of the personal equivalent 24-hour noise exposure measurement are expressed as dBALeq 2 4-1° addition, for those women employed during pregnancy, their occupations were classified as "manual" or "nonmanual" according to job title, which implied possible occupational noise exposure. Their habits of using hearing protectors were also recorded, although very few used them.
We used local maps to locate the sites where individual participants lived and to measure the distance between the subjects' houses and main streets. Also, we used a noise discrimination apparatus that measures environmental noise to examine the traffic noise around the home. In addition, information on the subjects' history of exposure to live or amplified rock, classical, heavy metal, or jazz music and noise exposure from personal listening devices (Walkman type) during pregnancy was obtained by a retrospective questionnaire administered 3 days after the birth.
Pregnancy outcomes
Information about pregnancy outcomes including length of gestation, sex, birth weight, length, and birth order of the infant was obtained by consulting medical records at the maternity hospitals 48 hours after delivery.
Statistical analysis
The personal 24-hour noise exposures on the three occasions during pregnancy were compared by the Student's paired / test. Multiple regression analysis (14) was used to evaluate the relation between infants' birth weight and possible risk factors. The primary emphasis was placed on increased noise exposure during pregnancy as a potential determinant. The consideration of biologic plausibility was the most important criterion for inclusion of variables in the regression model. Therefore, all known determinants of birth weight were included in the regression model. Known risk factors include maternal weight gained during pregnancy, infant's sex, and gestational age. A backward elimination procedure (14) was employed to select the optimal model. The SAS statistical package was used for the analysis. A p value of 0.05 was considered as the significant level for each risk factor in statistical tests.
RESULTS
In our population, the ages ranged from 17 to 40 years; however, the majority of the women were in their 20s and 30s. The ages of their spouses were about 3 years older. The women's mean weight before pregnancy was 50.1 kg, and they gained an average of 13.7 kg in weight during gestation. About 40 percent of our study participants were employed during their pregnancy, and 36 of them (19 percent of total women) were manual workers. More than 50 percent of our women had a history of using herbal drugs during pregnancy. The proportions of women being exposed to noise from traffic and amplified music were 22.2 and 12.7 percent, respectively (table 1) .
Among the infants born to our study cohort, there were 205 births including eight twins, one miscarriage, and two stillbirths (these 11 infants were excluded from our further analysis). Fifty-nine percent were boys, and more than 80 percent were the subject's first or second child. The mean gestational age was 39.4 weeks (standard deviation 1.7 weeks), ranging from 31 to 45 weeks. The mean birth weight was 3,200 g (standard deviation 400 g), ranging from 1,500 to 4700 g, and only nine (4.6 percent) infants were below the conventional birth weight standard of 2,500 g. The mean birth length was 49.7 cm (standard deviation 2.3 cm), ranging from 42 to 56 cm. The mean and standard deviation of the individual 24-hour noise exposure level (dBALeq^) in the first trimester were 67.9 and 6.0, respectively (range of 52.4-86.8 dBALeq2 4 ). The measurements of noise exposure of pregnant women in their second and third trimesters were very similar to exposure in the first trimester. The differences between noise exposures experienced by each woman on the three occasions during pregnancy were not statistically significant (table 2) . Thus, we decided to use the average value of noise measurement in three trimesters as an index of noise exposure experienced by our study subjects during pregnancy.
The measured personal 24-hour noise exposure levels experienced by our study participants were highly related to their occupations (p < 0.001), and the average dBALeq^ experienced by women employed in "manual" jobs was 73.57, which was significantly greater than that (67.22 dBALeq^) of women employed in "nonmanual" jobs or unemployed during pregnancy. However, this level of personal 24-hour noise exposure was neither correlated with exposure to live or amplified music nor with exposure from personal listening devices during pregnancy. The traffic noise around the subjects' homes also showed no correlation with the individual noise exposure level.
The influence of suspected risk factors on birth weight was examined by a multiple regression model, and the results are shown in table 3. Except for three known risk factors, only one additional factor, maternal weight, was shown to determine birth weight in our population. Smoking, alcohol consumption, and use of herbal drugs by our subjects showed only a very minor effect on the birth weight of their babies, with a p value greater than 0.30. Finally, no statistically significant correlation was found between any index representing noise exposure during pregnancy and birth weight. The noise exposure includes personal noise exposure (dBALeq) (p = 0.46), being employed in a manual job {p = 0.24), exposure to amplified music {p = 0.40), using a personal listening device (p = 0.34), and exposure to traffic noise around home (p = 0.17). (4) 22 (7) 134 (58) 118 ( 
DISCUSSION
Women are entering the workplace in increasing numbers and are diversifying their choice of employment to include all kinds of occupations. In some of their occupations, acoustic stimulation is significant (15) . As a potential environmental hazard for a subset of working women who are pregnant, noise exposure has received increasing attention in the last decade. The most common and rational measure used to estimate reproductive outcome in pregnant women exposed to noise is infant birth weight (16) . The effects of noise exposure during pregnancy on birth weight have been examined in the last 20 years. However, in many instances, the results of these studies are conflicting or inconclusive. In our study, after simultaneously considering known and potential risk factors, no evidence for an effect of noise exposure during pregnancy on infant's birth weight was found. Our measurement of noise exposure included individual 24-hour noise exposure, occupational noise, and possible noise exposure from traffic and amplified music.
An effect of noise exposure during pregnancy on birth weight or other reproductive outcomes appears to be biologically plausible. In contrast to some negative studies implying no effect of noise exposure on human pregnancy, many experimental data from animal and human studies have provided a theoretical basis for understanding the mechanism(s) of noise in mammalian systems. First, a direct effect of noise-inducing energy is likely to pass through the abdomen and affect the fetus (17, 18) . Although the noise energy may be attenuated by the maternal abdomen, Richards et al. (19) have found that the intrauterine environment is actually rich with externally generated sounds as they pass into the uterus. Second, an indirect effect implies that neural responses induced by noise may elicit a spectrum of somatic activity, such as changes in cardiovascular volume and blood pressure (1) . The effect of noise is suggested to contribute to decreased uteroplacental blood flow resulting in fetal hypoxia and increased secretion of maternal catecholamine. The release of maternal catecholamine may further increase blood pressure and uterine irritability and decrease placental function. To deliver a newborn of low birth weight appears to be a summary index, representing an event in the spectrum of possible teratogenic effects caused by these abnormal physiologic activities induced by maternal noise exposure. However, a critical question remains to be answered: How much noise is enough to affect the health of the fetus or newborn? The answers to this question remain inconclusive. The noise exposure level experienced by our study subjects, ranging from 52.4 to 86.8 dBALeq, represents the noise exposure experienced by ordinary Taiwanese women. Compared with the noise level applied in experimental studies, this range may be relatively narrow and too low to cause a significant health effect. On the basis of the classification criteria used in some studies (20) , the noise exposure experienced by our women can be considered to be of only "low" or "moderate" intensity, whereas the experimental threshold for fetal responses such as fetal heart rate and body movement has been suggested to be 100-105 dB of airborne sound (21) . However, physiologic and psychologic responses to noise may differ among populations and individuals, which would decrease comparability among results of different studies. Therefore, before drawing any conclusion regarding noise effect on birth weight or other reproductive outcomes, the contribution of both extrinsic factors (e.g., the frequency, intensity, and duration of noise stimulus) and intrinsic factors (e.g., individual differences in physiologic tolerance to noise) of study subjects must be considered.
The strength of this study is in its design; our prospective design and use of personal dosimeters avoid the methodological Limitations involved in previous studies, thus providing a better evaluation of the proposed association. This enables the control of potential confounding factors and covariates of birth weight in advance. It also enables prospective dosimetry to measure noise exposure on different occasions during pregnancy. To the best of our knowledge, no other studies have employed this design. In addition, gestational age, the most important determinant of an infant's birth weight, which has been commonly ignored by many studies, has been carefully considered in our study. Therefore, we believe that our study provides more valid information for evaluating the association between noise exposure and birth weight.
However, one major limitation of our noise measurement is that our dBALeq represented a summary noise index experienced by pregnant women without considering levels of individual noise stimulation, which may include impulse noise of high frequency as well as constant noise of normal frequency. This noise Am J Epidemiol Vol. 143, No. 8, 1996 exposure index did not specifically capture exposure to very loud sounds that occur infrequently but might be the most physiologically provocative. Consequently, our noninclusion of impulse noise might result in an underestimated measurement of noise exposure experienced by our subjects. Nonetheless, we think that whether impulse noise affects health or causes physiologic alterations depends both on how long the duration is and on how frequently this noise occurs. If the noise exposure is not continuous but is intermittent, the period between noise episodes may provide adequate time to recover from temporal physiologic alterations. Only a very high level of impulse noise lasting a significant length of time can cause instant damage. In our study, on the basis of sociodemographic characteristics of study participants (a group of women of the middle to high socioeconomic status), the possibility of their frequent exposure to such high-level noise sources is minimal.
We employed the dBALeq 24 as our measurement index in this study for two major reasons. First, conventional noise exposure measurements made only at specific times of day or night (e.g., some studies used a working hours 8-hour time-weighted average to estimate noise exposure) may not totally represent the noise exposure experienced by individuals in 1 entire day. In theory, the noise impact caused by 85 dBALeq24 may be greater than or equivalent to 90 dBALeq for a duration of 8 hours (90 dBALeq 8 ) inasmuch as dBALeq 24 sums and averages noise exposure that occurs indoor/outdoor or during day (working)Aiight (sleeping) time. Second, given that modern people usually spend almost all (90 percent) of their time in rooms (an enclosed environment), the contribution of outdoor noise sources to indoor noise exposure is probably minor. Our measurement is more reasonable than die conventional noise index that used environmental (outdoor) exposure level to estimate exposure at the individual level, which may have resulted in overestimation or misclassification of exposure status. Our interpretation of possible physiologic effects based on noise exposure level measured by the dBALeq 2 4 is a relatively valid one.
In summary, our prospective study concludes that no association exists between noise exposure during pregnancy and birth weight if the personal noise exposure is lower than 85 dBALeq^. The finding of no noise effect on birth weight can be applied generally to Taiwanese women because our study subjects represent a population of middle-class residents in urban areas of Taiwan, a country where more than 70 percent of residents live in urban areas. However, the possibility that health effects on infants can be induced by noise exposure of a greater intensity or for a longer period of time cannot be excluded. This possibility is currently under study in specific populations.
